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REDUNDANT SCHEME FOR LCD DISPLAY
WITH INTEGRATED DATA DRIVING
CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to LCD displays
and their associated driving circuits and in particular to LCD
display column driving circuits that use redundant circuits to
compensate for any damaged colummns or column data
driving circuits.

2. Description of Related Art

An active matrix liquid crystal display device commonly
comprises a plurality of picture clements, arranged in a
matrix of rows and columns supported on a substrate. Each
picture clement consists of a switching transistor, a liquid
crystal cell that can be modeled clectrically as a capacitor
and known as a pixel capacitor, and an optional storage
capacitor. One of the electrodes of the pixel capacitor is on
onc side of the matrix display and a common electrode for
all of the pixel capacitors is formed on the opposite side of
the matrix display. The substrates are separated by a layer of
electro-optic material. A pixel element including a liquid
crystal cell and an optional storage capacitor are driven by
a thin-film transistor (TFT) as a switching device. The
transistor is used for transferring an input data signal to the
corresponding pixel element.

The resolution of the picture is defined as the number of
pixels in a display area. In a conventional, unscanned LCD
display with X columns and Y rows, the display actually
requires X+ Y column and row driver leads. Therefore, it is
clear, in the casc of unscanned LCD displays, that the greater
the number of pixels in a display area, the more input leads
are tequired to conncct external signals to the LCD display.
Orne solution to the problem is to integrate a data driver
circuit directly on the display substrate, which is typically of
glass. This would reduce the number of input leads and
external driving chips drastically. An integrated data driving
circuit for LCD displays is described in commonly assigned
co-pending application Ser. No. 971,721 filed Nov. 3, 1992,
and entitled “Data Driving Circuit for LCD Display”. The
invention therein discloses a data driver circuit that uses a
multiplexing arrangement to reduce the number of input data
signal lines. Many times, in the manufacturing of such
display devices, a damaged section of the data driver circuit,
caused primarily by defects such as bad transistors, shorted
lines, open lines, interlayer shorts and the like as well as
open data lines inside of the display area, can lead to the
corresponding data lines malfunctioning. In these cases, a
redundant data driver circuit is usually required to compen-
sate for these otherwise irreversible defects. As a result, the
manufacturing yield is increased and the manufacturing cost
is reduced.

It would be advantageous to provide a redundant data
driving circuit on the substratc of an active matrix liquid
crystal display device. In such case, damaged transistors
and/or damaged lines in a column driver subcircuit could be
replaced so as to form an acceptable display device.

SUMMARY OF THE INVENTION

The present invention overcomes the disadvantages of the
prior art by providing a number of redundant column data
driving subcircuits to the data driving circuits on the sub-
strate. These redundant subcircuits are exact copies of a
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column driving subcircuit except that some of the connect-
ing points to the control and driving signal lines are not
hardwired. That is, the connecting points are left as potential
welding points. For example, if a column driving circuit that
is coupled to a particular input data line is damaged, then a
redundant data driving subcircuit can be hardwired by
welding the corresponding crossing points to compensate
the damaged circuit. The damaged circuit is also discon-
nected {by using a laser cut or compatible methods) from the
corresponding input data line and the internal data line as
necessary.

Thus, it is an object of the present invention to have
redundant data driving subcircuits to compensate for dam-
age to data driving circuits for an integrated driver display
device.

It is another object of the present invention to have
redundant data driving subcircuits to compensate for any
broken data lines inside of the display area for an integrated
driver display device.

It is still another object of the present invention to use
minimal area and wiring to implement the redundant data
driving subcircuits for an integrated driver display device.

It is also an object of the present invention to reduce the
adverse effects of fatal data line defects of an integrated
driver liquid crystal display device.

It is yet another object of the present invention to increase
the manufacturing yield and to reduce the manufacturing
costs of an integrated driver display device.

Thus, the present invention relates to a data driver system
for correcting defects in an active matrix liquid crystal
display formed of picture elements in rows and columns on

a substrate, the data driver circuit system comprising a

primary data driver circuit on the substrate and coupled to
each corresponding column of the active matrix liquid
crystal display for supplying data to the corresponding
columns, at least one redundant data driver circuit on the
substrate, and connection means on the substrate for selec-
tively enabling the replacement of any defective primary
data driver circuit with at least one redundant data driver
circuit.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the present invention will be
more fully understood when taken in conjunction with the
following DETAILED DESCRIPTION OF THE DRAW-
INGS in which like numerals represent like clements and in
which:

FIG. 1 is a basic block diagram of a display system that
includes a display device having a thin-film transistor (TFT)
array, an integrated driver circuit, and a peripheral control/
drive circuit;

FIG. 2 illustrates the details of the integrated data driver
circuit illustrated in FIG. 1;

FIG. 3 illustrates a portion of the integrated data driver
circuit illustrated in FIG. 2 and incorporating the redundant
data driving circuits of the present invention;

FIG. 4 is a diagram of the invention similar to that
illustrated in FIG. 3 except that the circuit uses only one
phase select line instead of two;

FIG. § illustrates an embodiment of the present invention
wherein less redundant data driving subcircuits are needed
but more complicated line connections are required;

FIG. 6 is a circuit similar to that illustrated in FIG. §
except that a single phase select line is used instead of two;
and
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FIGS. 7 and 8 illustrate another manner of implementing
the redundant data driving circuits using hardwired connec-
tions in certain locations to reduce the number of connec-
tions that must be formed by welding to cause the redun-
dancy.

DETAILED DESCRIPTION OF THE DRAWINGS

A basic diagram of the display system that incorporates
the present invention is illustrated in FIG. 1 and includes the
external driver/control circuits 3 coupled to an active matrix
liquid crystal device 5 having a matrix array of thin-film
transistors coupled to picture elements and being driven by
a column integrated data driver circuit 7 and dual row select
driver circuits 9a and 95b.

A more detailed diagram of the display device 5 is shown
in FIG. 2 illustrating the external control and driver signal
circuits coupled to the integrated data driver circuit. The
circuits shown in both FIG. 1 and FIG. 2 are disclosed in
detail in commonly assigned copending U.S. patent appli-
cation Ser. No. 971,721 filed Nov. 3, 1992 and entitled “Data
Driving Circuit for LCD Display” and incorporated herein
by reference in its entirety. The example shown in FIG. 2 is
a display having 384 columns and 240 rows. In such case,
92,160 pixels are formed. All of the transistors in the data
driving circuit are preferably thin-film transistors (TFT)
deposited on the same substrate as the TFT array. This can
be seen in FIG. 2 wherein a plurality, or X groups, of data
driver circuits 2, 4, and 6 drive X groups of switching
elements 9 in corresponding matrix areas 11, 13, and 15. The
rows are driven by the opposed row driver circuits 9a and
9b.

As can be seen in FIG. 2, each data driver subcircuit, one
of which is illustrated by the numeral 8 and enclosed in
phantom lines, includes a demultiplexing transistor 10 and a
precharging transistor 12. Input data lines D1-D64 are
coupled in parallel to the X groups of data driving circuits
2, 4, and 6. The demultiplexing signal lines 17, 19, and 21
couple the 64 input lines to the X groups of switching
elements sequentially. Thus the demultiplexing signal lines
17 couple the 64 input lines to the first group of switching
elements 11, then demultiplexing signal lines 19 couple the
64 input lines to the next to the last group of switching
elements X—1. Finally, the demultiplexing signal lines 21
couple the 64 input lines to the group X of switching
elements. The predetermined V+ and V- voltage and pre-
charging signal lines 23 are coupled to all of the precharging
transistors 12.

It can be understood that if any of the elements in any
given data driver subcircuit 8 or any of the components
thereof are damaged in any fashion so they become inop-
erative, the entire column of pixel elements to which the
driver circuit is connected becomes inoperative. This will
obviously create a distorted display picture. As can be seen
in FIG. 2, two transistors are formed as a single column
driving subcircuit 8 for each given column data line. It can
be seen that X pairs (17 . . . 19, 21) of control signals (6 pairs
in the example shown) are applied to the X groups of data
driving circuits 2 . . . 4, and 6 to demultiplex the Y (64) data
signals and to couple them sequentially to X different groups
(1-X) of Y columns in a selected one of Z (240) address
rows on the display device. These control signals are ¢, ,
and ¢, ., 0, ,and ¢, . . . Oy, and Oy . As disclosed in the
commonly assigned co-pending application U.S. Ser. No.
971,721, the control signals ¢, ,, and ¢, , and 0, , and ¢, ,,
..., 0,,and ¢, can be combined into ¢,, ¢, ..., and ¢,,
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4

respectively, if the gate voltage stress is not a concern and
the device characteristics of the demultiplexing transistors
are good enough to discharge the internal lines.

In FIG. 3 a number of redundant column driving subcir-
cuits 14 and 16 have been added to the data driving circuit.
Although only two such subcircuits are illustrated here for
clarity, clearly the number of redundant data driving circuits
provided on this display can substantially equal the maxi-
mum allowable number of defects found in an acceptable
display.

In FIG. 3, for each of the X groups of Y columns, Y data
driving circuits 8 are utilized. Only two of the data driving
circuits 8 and 8' are illustrated in phantom lines because all
of the others are identical. Further, the redundant column
data driving subcircuits 14 and 16 are illustrated in phantom
lines and are shown related to the first group of switching
elements 11. The circles 26 and the X’s 22 in FIGS. 3 t0 8
denote potential welding and cutting points respectively. The
redundant circuits 14 and 16 are exact copies of a column
driving subcircuit 8, 8' except that some of the connecting
points to the control and driving signal lines are not hard-
wired. That is, the connecting points are left as potential
welding points. For example, if the column driving subcir-
cuit 8 coupled between the input data line, D1, and the
internal data line, Lv1, entering the group 11 of switching
elements is damaged, then a redundant data driving circuit
14 can be hardwired by welding the corresponding crossing
points to compensate for the damaged subcircuit 8. The
damaged subcircuit 8 is also disconnected from the corre-
sponding input data line, D1, and the internal data line, Lv1,
by using a laser cut or some compatible method. Thus a
compensating redundant data driving circuit can be substi-
tuted for the damaged subcircuit by welding four crossing
points and cutting two connecting points. For example, if the
data driving circuit 8 is damaged, a cut can be formed at the
point designated by X 22 and the point designated by X 24
effectively removing the data driving circuit 8 from the
circuit. A weld can be formed at points designated by circles
26 and 28, thus connecting redundant data driving circuit in
place thereof. In addition, the demultiplexing signal line 35
(9,,0) can be welded at circle 30 as a gate signal input to
transistor 10" and the corresponding V+ line can be welded
at circle 32 to the input of the precharging transistor 12'. The
precharging signal line itself is already hardwired to the gate
of precharging transistor 12' in the redundant data driving
circuit 14. Thus the data driving circuit 8 has been effec-
tively replaced by the redundant data driving subcircuit 14.
It can be seen that compensating the damaged subcircuit 8
in FIG. 3 can be done by welding four crossing points. These
points are at 26, 28, 30, and 32. Further, the input and output
of the damaged subcircuit 8, which couples to the data line,
D1, and the internal data line, Lv1, are severed by cutting
them at points 22 and 24 thus electrically removing damaged
subcircuit 8 as a column driver.

Similarly, the redundant data driving subcircuit 14 or 16
can be used to compensate any other damaged column
driving subcircuit in the first data driving circuit of X groups
shown in FIG. 3. As a result, the total number of damaged
column driving subcircuits that can be compensated equals
the number of redundant subcircuits implemented. A similar
redundant circuit can be used for the rest of the X groups. A
potential welding spot is formed by two different metal
plates with an insulation layer between them crossed at a
predetermined point. The mechanism to short two metal
plates that are overlapping but not contacted electrically can
be accomplished in any well-known manner such as by the
fusion method of laser welding. Another approach to elec-
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trically short two lines is a direct write method that is used
for shorting two non-overlapping metal lines on the same
layer. The direct writc method can use either a laser or an
electron beam. For example, one can use precursor such as
(CH;),Au and laser energy to heat the predetermined open
spot so that gold is deposited between two non-overlapping
metal lines of the same layer to force them shorted. How-
ever, the laser welding method is used throughout the
general description of the art and the examples described in
this invention.

As illustrated in FIG. 4, if the demultiplexing signals, &,
odd and ¢, cven, can be combined into one demultiplexing
signal, ¢,, on line 38, then no welding procedures are
required at the crossing points to the gates of the demulti-
plexing transistors in redundant data driving subcircuit 14,
Thus, as illustrated in FIG. 4, only three welding points and
two cufting points are required. The weldings are at the
intersections of, for-example, L.h1 and D1, V+ and the input
to a precharging transistor 12 and the intersection of Lh3
and Lvl above the top of display area. The cutting, of
course, takes place at points 22 and 24 as described carlier.

Another possible source of data line defects is a broken
data line inside of the display area 11 illustrated in FIGS. 3
and 4 by the numeral 34. Since the portion of the column
data line below an open circuit at point 34 is clectrically
disconnected {rom the data driving circuit, no signal can be
passed through the open point. This is, of course, not
acceptable for high quality display requirements. To over-
come this problem, the same redundant data driving circuits
14 and 16 can be used as shown in FIGS. 3 and 4. By
referring to FIG. 3, for instance, the internal data line, Lvi,
is broken at point 34 somewhere inside display area 11. In
this case, the redundant data driving circuit 14 or 16 can be
hardwired to compensate the damaged internal data line by
welding four crossing points to drive the bottom half of the
internal data column line, Lvl, from the bottom of the
display area 11. Thus redundant data driving circuit 14 can
be welded at point 26, the intersection between data input
line, D1, and line Lh1, at point 30, the demultiplexing signal
line 35 (9, ,) coupled to the gate of transistor 10, the V+
precharge voltage line to the precharging transistor at 32 and
the intersection of Lhé line and intcrnal data column line,
L1, at point 36 which, as can be scen, is below the bottom
of the display area 11. This allows data driver circuit 8 to
drive the internal data column line, Lv1, to display 11 from
the top of display 11 and the redundant data circuit 14 to
drive the same line from the bottom of the switching circuit
11 thus driving both ends of the line up to the damaged area
34,

The same argument can again be applied to the circuit in
FIG. 4 but will require only three weldings for compensation
becausc the gate of the data transistors 10" is already
hardwired to the single demultiplexing signal line 38. As a
resull, the same redundant subcircuits 14 and 16 can be
shared by both schemes for compensating for damage to
column driving subcircuits and any broken internal data
lines. Again, the total number of damaged column driving
subcircuits and the broken internal data lines that can be
compensated equals the number of redundant data driving
subcircuits implemented on the substrate.

There are other ways to have the redundant data driving
circuit implemented.. One way is such that all the data
driving circuits for all X group and Y columns arc able to
share the same set of redundant driving subcircuits. In such
implementation, less redundant data driving subcircuits are
usually needed but more complicated line connections may
be required. Such implementation can be seen in FIG. 5
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where the X groups of switching elements 42 . . . 44, and 46
may comprise, for example, 6 groups and all of the demul-
tiplexing signal pairs are used in the circuit shown in FIG.
5. Thus, in FIG. §, all of the demultiplexing signal lines for
all six groups are shown at 40 overlapping the gate lines for
the transistor 10'. In addition, the inpnt line 25 to the
transistor 10, Lhi, crosses all of the input lines D1-D64 for
each of the six groups. In like manner, the output line of the
transistor 10' overlaps all of the internal data lines
Lvi-Lv384 both above and below the display area. Thus the
redundant data driving subcircuit 14 can be substituted for
any of the data driving circuits for the 64 columnsxé groups.
Compensating a damaged subcircuit in FIG. 5 can be done
by welding four crossing points and cutting two connecting
points.

FI1G. 6 illustrates the same scheme except that the demul-
tiplexing signal lines are now reduced to X demultiplexing
signals lines ¢,~¢, all of which overlap the input line to the
gate of transistor 10' of redundant data driving circuit 14.
Again, compensating a damaged subcircuit in FIG. 6 can be
done by welding four crossing points and cutting two
connecting points.

FIGS. 7 and 8 illustrate yet another way to implement the
redundant data driving circuit 14. With the implementation
shown in FIGS. 7 and 8, two less weldings and one less
welding, respectively, are required in the repairing process
when compared to the circuits illustrated in FIGS. 3 and 4,
respectively. In FIGS. 7 and 8, since the redundant subcir-
cuits 14 are already hardwired or connected to the V+, V—
lines and the demultiplexing signal lines before repairing,
only the input column lines D1 and the intersection of Lhl,
and the output line Lh3 and the intersection of the input to
the switching element group 1 on line Lvl, or the output of
the switching elements of group 1 on line Lhé need be
welded. Again, it can be seen that the phase lines ¢, , and
9, . group together as 50 in FIG. 7 and are hardwired and the
V+, V- voltage and the precharge signal lines are designated
by 52 and are also hardwired. Thus, no weldings are required
at those points. ,

In FIG. 8 the demultiplexing signal lines have been
reduced to one demultiplexing signal line 54 (¢,) thus still
further reducing the number of weldings being required.

Another solution for compensation of a broken line inside
a display area in the circuits shown in FIGS. 3, 4, 5, 6,7, and
8 requires only two weldings for each broken internal data
line compensation. If a broken point 34 exists inside a
display arca as shown in FIGS. 3 and 4 and the data driver
subcircuit 8 functions correctly, for example, the damaged
internal data line can be repaired by welding points 28 and
36 without using a redundant data driver circuit. In this case,
the data driver subcircuit 8 drives the internal data line, Lvl,
from both top and bottom of the display array.

Thus there has been disclosed a simple redundant data
driver circuit for an LCD display with an integrated data
driving circuit. The number of redundant data driving sub-
circuits required depends on the manufacturing yield in the
arcas of the integrated data driving circuit and data lines in
the display area. If 10% defects are the maximum tolerance,
then 10% redundant circuits could be added. The higher
manufacturing yield and lower manufacturing costs can be
achieved with the implementation of this newly invented
redundant data driver circuit scheme.

While the invention has been described in connection
with a preferred embodiment, it is not intended to limit the
scope of the invention to the particular form set forth, but,
on the contrary, it is intended to cover such alternatives,



5,555,001

7

modifications, and equivalents as may be included within
the spirit and scope of the invention as defined by the
appended claims.

We claim:

1. A redundant data driver circuit system for a display
having first and second opposed substrates separated by a
layer of electro-optic material, the system including:

a plurality of picture elements arranged on said at least
one substrate in a matrix array of M rows and N
columns where both M and N are integers greater than
I;

a common column line for driving each of the M picture
elements in each column, the common column line
extending from a first input through said active matrix
array to a first output;

a data source including a plurality of data lines;

a data driver circnit on said substrate coupled between a
respective data source data line and the first input of
each common column line to provide the data input to
each column of picture elements;

at least one redundant data driver circuit on said at least
one substrate having an input conductor and an output
conductor; and

the input conductor of the redundant data driver circuit
crossing over and being connectable to the data source
data line for all of the data driver circuits and the output
conductor of the redundant data driver circuit crossing
over and not being electrically connected to the first
input of all of the common column lines such that a

defective one of any of said data driver circuits is.

electrically disconnectable from both its respective data
source data line and said first input of its associated
common column line and replaceable by said at least
one redundant data driver circuit by selectively elec-
trically connecting the input conductor of said at least
one redundant data driver circuit to said respective data
source data line and connecting the output conductor to
said first input of said associated common column line
to which the disconnected defective data driver circuit
had previously been connected.

2. A redundant data driver circuit as in claim 1 further

comprising:

each data driver circuit having an input and an output data
line;

the redundant data driver circuit input conductor crossing
over, but not being electrically connected to, each of the
data source data lines for all of the respective data
driver circuits; and

the redundant data driver circuit output conductor cross-
ing over, but not being electrically connected to, all of
said data driver circuit common column lines such that
any defective data driver circuit is replaceable by a
redundant data driver circuit by physically cutting the
input data line to the defective data driver circuit and
welding the redundant data driver circuit input conduc-
tor to the cut data source data line at the crossover and
physically cutting the common column line connected
to the defective data driver circuit and welding the
redundant data driver circuit output conductor to the cut
common column line at the crossover.

3. A data driver circuit system as in claim 1 further

including:

said data driver circuits being arranged in X groups of Y

data driver circuits;

X demultiplexing signal lines, each demultiplexing signal
line being coupled to a corresponding one of the X
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groups of data drive circuits such that each of the X
groups is sequentially enabled;

a demultiplexing input conductor that is connected to said
at least one redundant data driver circuit and associated
with, but not connected to, all of the X demultiplexing
signal lines such that, the demultiplexing input con-
ductor of said at least one redundant data driver circuit
is connectable to any demultiplexing signal line in any
of the X groups of data driver circuits thus enabling
said at least one redundant data driver circuit to replace
any defective data driver circuit in any of the X groups.

4. A data driver circuit system as in claim 3 wherein each

of said X demultiplexing lines includes:

an odd phase demultiplexing input line and an even phase
demultiplexing input line coupled to corresponding odd
and even data driver circuits in each of said X groups
of data driver circuits; and

each of said odd and even phase demultiplexing lines in
cach of the X groups being associated with, but not
connected to, said at least one redundant data driver
circuit demultiplexing input conductor such that said at
least one redundant data driver circuit is usable to
replace any of said odd and even data driver circuits in
any of said X groups.

5. A data driver circuit system as in claim 1 further

comprising:

said redundant data driver circuit input conductor crossing
over, but not being electrically connected to, each of the
data source data lines for all of the respective data
driver circuits; and

the output conductor of each redundant data driver circuit
crossing over, but not being electrically connected to,
the first output of all of the common column lines after
the M* picture element in each column such that any
given column is drivable at its first input by its corre-
sponding column data driver circuit and is drivable at
its first output after the M”* picture element by the
redundant data driver circuit with the data source data
line of the given column data driver circuit being
electrically connected to the input conductor of the
redundant data driver circuit at the crossover and the
output conductor of the redundant data driver circuit
being electrically connected to the first output of the
given column line at the crossover after the M, picture
element.

6. A data driver circuit system as in claim 1 further

including:

a pixel capacitor forming a part of each pixel element;

a first precharge conducting element forming part of each
data driver circuit and coupled to a corresponding pixel
element;

a second precharge conducting element forming part of
said at least one redundant data driver circuit;

a precharge voltage source coupled to the first precharge
conducting element in all of the data driver circuits and
associated with, but not electrically connected to, said
second precharge conducting element in said redundant
data driver circuit; and

a precharge control line coupled to both said first and
second precharge conducting elements in both the data
driver circuits and the at least one redundant data driver
circuit, respectively, for coupling the precharge voltage
source only to a selected pixel capacitor such that when
said defective one of any of said data driver circuits is
replaced by said at least one redundant data driver
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circuit, said precharge voltage source is clectrically
connected to the second precharge conducting element
of said redundant data driver circuit so as to allow the
redundant data driver circuit to precharge the pixel
capacitor associated with the replaced data driver cir-
cuit,

7. A data drver circuit system as in claim 6 wherein said

precharge voltage source comprises:

a positive voltage source coupled to all odd data driver
circuit first precharge conducting elements;

a negative voltage source coupled to all even data driver
circuit first precharge conducting elements; and

both of said positive and negative voltage sources cross-
ing over, but not being electrically connccted to, said
sccond precharge conducting element of said at least
one redundant data driver circuit such that the at least
one redundant data driver circuit is usable to replace a
defective one of cither the odd or the even data driver
circuits by electrically connecting the appropriate posi-
tive or negative voltage source to the second precharge
conducting element at the crossover for the at least one
redundant data driver circuit, respectively.

8. A data driver circuit system for correcting defects in a

display formed of picture elements in rows and columns on

a substrate, the data driver circuit system comprising:

a plurality of primary data driver circuits on the substrate,
each primary data driver circuit having a first control
input line for receiving control data signals and a
second data input line for receiving column data signals
and a data output line coupled to a corresponding
column of the display for supplying data to said cor-
responding column;

at least one redundant data driver circuit on the substrate
having an input control data conductor, an input col-
umn data conductor, and an output data conductor
corresponding to the first control input line, the second
output line, and the data output line, respectively, in
each of the primary data driver circuits;

the input column data conductor of the redundant data
driver circuit being associated with and crossing the
corresponding second data input lines of all of the
primary data driver circuits;
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the input control data conductor of the redundant data
driver circuit crossing and being connectable to the first
control input data line of all of the primary data driver
circuits; and

the output data conductor of the redundant data driver
circuit crossing and not being electrically connected to
the data output line of all of the primary data driver
circuits on the substrate for selectively enabling the
replacement of any defective primary data driver circuit
on the substrate with the at least one redundant data
driver circuit by severing the input and output data lines
and the control data line of the defective primary data
driver circuit and electrically connecting at appropriate
crossings the input column, control data, and output
data conductors of the redundant data driver circuit to
corresponding ones of the severed input column, con-
trol data, and output data lines to which the defective
primary data driver circuit had been previously con-
nected before being severed.

9. A data driver circuit system as in claim 8 wherein said
primary data driver circuit and said at least one redundant
data driver circuit include at least one amorphous silicon
thin-film transistor.

10. A data driver circuit system as in claim 8 each column
having an entering data line at one edge of the matrix and an
exiting data line at the other edge of the matrix, the data
driver circuit system further including:

the output data conductor of the at least one redundant
data driver circuit crossing and not being electrically
connected to all column exit data lines such that when
a defect occurs between a predetermined column enter-
ing data line and the same column exiting data line, the
redundant data driver circuit output column data con-
ductor is electrically connected at appropriate crossings
to both the entering data line receiving the predeter-
mined column data signals and the same column data
exiting line such that the predetermined column is
driven from both edges of the matrix to ensure total
column display by the picture elements.
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